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Objective: To explore the expression of pluripotent genes in Wharton's jelly derived MSCs (WJ-MSCs) and their neuronal
differentiation potential.

Material and Method: Gelatinous connective tissues from umbilical cord Wharton's jelly were digested with trypsin and
then cultured in Dulbecco’s Modified Eagle'’s Medium. The expressions of typical MSC markers as well as pluripotent
markers were examined by flow cytometry and reverse transcription PCR, respectively. MSCs at passage 3 and 5 were used
for in vitro adipogenic, osteogenic and neuronal differentiation by incubation with specific induction media.

Results: WJ-MSCs could be easily expanded for more than 20 passages while maintaining their undifferentiated state and
their marker expression profiles, being positive for typical MSC markers CD90, CD73, and CD105, and being negative for
hematopoietic markers CD34 and CD45. Interestingly, the expression of several pluripotent marker genes including Oct4,
Rexl, Sox2, and Nanog was detected in early passages of both cultured WJ-MSCs and BM-MSCs. WJ-MSCs were able to
differentiate not only to mesodermal cells, such as adipocyte and osteoblast but also the neural-like cells as characterized
by neuronal morphology and the expression of neuronal markers including MAP-2, GFAP, beta-tubulin III and Tau.
Conclusion: The present study demonstrates that WJ-MSCs can be readily obtained and expanded in culture while maintaining
their typical MSC characteristics. WJ-MSCs and BM-MSCs also expressed several genes associated with pluripotency and
exhibited their plasticity by differentiation toward neuronal-cell lineage. Umbilical cord Wharton s jelly might have potential

to become an alternative source of MSC for treating nervous system disorders.
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Stem cells can be classified as either
embryonic stem (ES) cell or adult stem cell. ES cells
are pluripotent and can give rise to all specialized cell
types of the organisms). Three transcription factors
found in mouse and human ES cells play a central role
in the regulation of pluripotency and self-renewal.
These factors include the POU (Pit/Oct/Unc)
domain-containing protein, Oct4®?, Sox2® and the
homeoprotein Nanog®. All those transcription factors
are expressed in high levels in pluripotent cells and are
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considered the markers of primitive cells. However,
the applications of ES cells are limited by the
difficulties in expanding those cells in large quantity
required for several applications without losing their
properties and the problem in controlling their
differentiation to desired cell types.

Adult stem cells are rare cells (1:107-1:108 of
all cells) thought to be present in all tissues and
responsible for maintaining the homeostasis of
several tissues. Mesenchymal stem cells (MSCs)
are multipotent adult stem cells that differ from
hematopoietic stem cells in their characteristics
and differentiation potentials®. MSCs are capable of
differentiating into cells of mesenchymal lineages,
including adipose tissues, connective tissues, bone, and
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cartilage®. MSCs were initially identified in human
bone marrow (BM) and later in peripheral blood,
muscle, adipose tissue, and connective tissues®.
Although, BM is the most common source of MSCs
for clinical applications, however, the frequency
number of MSCs in human adult BM is relatively low
and their proliferative capacity are decreasing with
age'9. Moreover, the harvesting of the cells from BM
remains invasive and painful for the donors. Since
umbilical cord, placenta, amniotic membranes, and
fluid are usually discarded after birth, they represent
non-controversial and potential sources of adult stem
cells that could be easily obtained in a large quantity
using a non-invasive procedure.

Several previous studies revealed that the
matrix cells derived from Wharton’s jelly exhibited the
characteristics and possessed properties similar to those
of bone marrow-derived MSCs. The matrix could be
expanded in culture without obvious senescence for
more than 80 population doublings (PDs) without signs
of cellular senescence. Furthermore, WJ-MSCs also
exhibited typical MSC marker expression profiles,
being positive for CD90, CD73, and CD105 while
being negative for hematopoietic lineage markers
CD34 and CD45%Y. In addition, WJ-MSCs have been
reported to be able to differentiate into osteoblast-,
adipocyte-, and cardiomyocyte-like cells(!!-13),
However, the potential of stem cell-based therapies for
treating several human and animal diseases emphasizes
the importance of comparing the vary sources of stem
cells and seeking a better understanding of their
proliferative and differentiation capacity. Moreover,
very few studies have explored the expression of
pluripotent genes in WJ-MSCs as well as their ability
to differentiate to extra-mesodermal tissues, such as
neural-lineage cells.

We hypothesize that human umbilical cord
Wharton’s jelly may be another one source of MSCs
that could proliferate and differentiate into neural-like
cells. Therefore, the present study aims to study the
expression profiles of several pluripotent genes, Oct4,
Rex1, Sox2, and Nanog in WJ-MSCs as well as their
ability to differentiate toward neural-lineage cells in
comparison to those of BM-MSCs.

Material and Method
Sample preparation

All procedures were approved by the ethical
committee of the Faculty of Medicine Siriraj Hospital,
Mahidol University. All subjects participated in the
study after giving written informed consent.
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Collection, isolation, and culture of human
BM-MSCs

Bone marrows were aspirated from sternum
or iliac crest of normal healthy volunteers and were
processed exactly as previously described!®. After
processing, cells were plated in a tissue culture flask
in Dulbecco’s Modified Eagle’s Medium (DMEM;
Gibco, Invitrogen, USA) with 10% fetal bovine serum
(FBS; Cambrex) and 1% penicillin-streptomycin
(Gibco). Cells were maintained at 37°C in 5% CO,
and were passaged at 90% confluence using 0.25%
trypsin/EDTA (Gibco), neutralized with MSC medium,
and replated in tissue culture flasks.

Collection, isolation, and culture of human
WJ-MSCs

Human umbilical cord Wharton’s jelly was
aseptically collected from infants delivered by full-term
normal labor and was rinsed in phosphate-buffered
saline; pH 7.4 (PBS, composed in 140 mM NaCl, 2
mM KCI, 1.5 mM KH,PO,), supplemented with 100
U/ml penicillin, 100 pg/ml streptomycin. Umbilical
cord (segment 1-3 cm in length) was cut longitudinally
to expose the two umbilical arteries and the umbilical
vein. The vessels were removed and discarded. The
remaining umbilical cord tissues including the
Wharton’s jelly were cut into pieces of about 1.5 to
2.5 mm? using razor blades. The tissues were treated
with 0.5% trypsin-EDTA solution (Invitrogen) for
45 minutes at 37°C and then plated on 25-cm? tissue
culture flasks in DMEM with 10% FBS and 1%
penicillin-streptomycin. The cells were cultured under
humidified atmosphere of 5% CO, in air at 37°C.
Culture flasks were observed continuously for the
developing colonies of adherent cells and the medium
was replaced every three to four days. The adherent
cells were passaged using 0.25% trypsin-EDTA when
the cell density reached 90% confluence.

MSC characterization

Flow cytometric analysis of MSC surface
markers; CD73 (BD Bioscience), CD105 (AbD Serotec),
CD90 (AbD Serotec) and hematopoietic cells surface
markers; CD34 (BD Bioscience), CD45 (BD Bioscience),
were performed. Flow cytometry data were analyzed
using CellQuest software (BD Bioscience).

In vitro differentiation

WI-MSCs and BM-MSC:s at the third passage
were induced to differentiate into adipocyte, osteoblast,
and neural cell.
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Adipogenic differentiation

To induce adipocyte differentiation, 8x10°
cells/cm? MSCs were plated on six well plate in NH
AdipoDiff Medium (Miltenyi Biotec) and cultured
under 5% CO, in air at 37°C with complete change of
medium every three days. After three weeks of
culture, cytoplasmic inclusions of neutral lipids were
observed and stained with Oil-red O (Sigma).

Osteogenic differentiation

To induce osteoblast differentiation, 5x10°
cells/cm? MSCs were plated on six well plate in NH
OsteoDiff Medium (Miltenyi Biotec) and cultured
under 5% CO, in air at 37°C with complete change of
medium every three days. After two weeks of culture,
osteogenic differentiation cells were observed and
stained for alkaline phosphatase activity (Sigma).

Neural differentiation

To induce neural differentiation, 2.5x103
cells/cm? MSCs were plated on six well plate in
Advance STEM™ Neural Differentiation Medium
(HyClone). The neural like cells were observed at
48 hours and 72 hours after induction and processed
for immunocytochemistry and quantitative real-time
PCR.

RNA extraction and reverse transcription polymerase
chain reaction (RT-PCR)

Total RNA were extracted from BM-MSCs,
WIJ-MSCs and neural-like cells using RNA mini Kit
(Invitrogen). For cDNA synthesis, 1 pg of total RNA
for each sample was reverse transcribed to cDNA
in 20 pl volume using iScript™ Select cDNA
synthesis Kit (Bio-Rad Laboratories) according to the
manufacturer’s instruction. After cDNA synthesis,
products were amplified using pluripotency gene
specific primers under each optimal condition. The
following paired primers were used: Oct4 (573 bp);
forward primer: 5’-CGACCATCTGCCGCTTTGAG-3’
and reverse primer: 5’-CCCCCTGTCCCCCATTCC
TA-3’, Rex1 (306 bp); forward primer: 5’~-CAGATCCT
AAACAGCTCGCAGAAT-3’ and reverse primer:
5’-GCGTACGCAAATTAAAGTCCAGA-3’, Sox2
(448 bp); forward primer: 5’-CCCCCGGCGGCAA
TAGCA-3’and reverse primer: 5°’-TCGGCGCCGGGG
AGATACAT-3’, Nanog (426 bp); forward primer:
5’-GCGCGGTCTTGGCTCACTGC-3" and reverse
primer: 5’-GCCTCCCAATCCCAAACAATACGA-3’.
Beta-actin (838 bp); forward primer: 5’-ATCT
GGCACCACACCTTCTACAATGAGCTGCG-3’
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and reverse primer: 5’-CGTCATACTCCTGCTTGC
TGATCCACATCTGC-3’ was used as the endogenous
control for quantitative amount of cDNA template.
The molecular size of PCR products was verified by
electrophoresis in 1.5% agarose gels.

Quantitative real-time PCR for neuron specific genes
expression analysis

The primer sets used for the quantitative
real-time PCR were microtubule associated protein 2
(MAP-2); forward primer: 5’-CCAATGGATTCCC
ATACAGG-3’, reverse primer: 5’-CTGCTACAGCC
TCAGCAGTG-3’, beta-tubulin III; forward primer:
5’-AACGAGGCCTCTTCTCACAA-3’, reverse
primer: 5’-CCTCCGTGTAGTGACCCTTG-3’ and
glial fibrillary acidic protein (GFAP); forward
primer: 5’-CCAGTTGCAGTCCTTGACCT-3’,
reverse primer: 5’-ATCTCGTCCTTGAGGCTCTG-3".
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
was used as the endogenous control. Quantitative
real-time PCR was carried out using standard
protocols with the SYBR® PCR Master Mix (Applied
BioSystems). The PCR mix contained SYBR® Green
PCR Master Mix, 1 ng DNA template, 1 uM primers,
and nuclease free water to reach a final volume of
20 pl. Quantitative real-time PCR was performed
using the StepOnePlus™ Real-Time PCR System
(Applied BioSystems). A melting curve analysis was
performed at the end of each reaction. The gene
expression levels were normalized to individual
GAPDH (internal control). The profile was obtained
by plotting relative gene expression levels compared
to undifferentiated MSCs.

Immunocytochemistry

To examine neuronal differentiation,
WI-MSCs and BM-MSCs, cultured with or without
neural differentiation medium, were rinsed in PBS and
fixed with 4% paraformaldehyde in PBS, pH 7.4 for
10 minutes, at room temperature. After washing twice
in PBS and incubating 0.1% Triton X-100 in PBS for
10 minutes at room temperature, the cells were
incubated for 30 minutes in a blocking solution
containing 4% BSA before incubation with the primary
antibody [Anti-microtubule-associated protein 2
(Anti-MAP-2; Sigma, USA), Anti-beta tubulin-III
(Sigma, USA), and Anti-Tau (Sigma, USA)]. Thereafter,
primary antibodies were labeled with appropriate
secondary antibody. After immunostaining, cover-slips
were mounted cell-side down on microscopic slides
using antifade mounting medium (Vectrashield).
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Confocal obtained using an Olympus laser scanning
confocal microscope. The images were analyzed using
Olympus software.

Results
Characterization of WJ-MSCs

After culture for 72 hours, primary cells
derived from umbilical cord Wharton’s jelly proliferated
and generated several outgrowths from the tissue
pieces. Those primary cultured cells exhibited a
mesenchymal morphology, being spindle-shaped cells
that formed cell contact with the adjacent cells. When
reach confluence, cells were arranged themselves in
parallel arrays (Fig. 1) in a manner similar to those of
BM-MSCs.

BM-MSCs and WJ-MSCs were uniformly
positive for CD90 (average 94.85% and 95.78%,
respectively), CD73 (average 90.65% and 95.68%,
respectively), CD105 (average 89.99% and 91.86%,
respectively), and negative for CD34 and CDA45
(Fig. 2A, B), which indicated that both BM-MSCs
and WJ-MSCs were not contaminated with cells of
hematopoietic or endothelial origin. WJ-MSCs could
be expanded for more than 20 passages while
maintaining their undifferentiated state and their
marker expression profiles.

Characterization of multi-lineage differentiation
potential of BM-MSCs and WJ-MSCs

To determine the multi-lineage differentiation
potential of BM-MSCs and WJ-MSCs, cells were
cultured in appropriated lineage-specific induction
media. After three weeks of adipogenic induction,

A)’ e 2 S B TIANRN S
Characterization of human umbilical cord
Wharton’s jelly-derived mesenchymal stem cells
(WJ-MSCs). WJ-MSCs at primary culture (A),
passage 1 (B), passage 2 (C) and passage 3 (D)
appeared as spindle-shaped cells. Magnification x4.
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WI-MSCs became large cells containing numerous
lipid droplets in their cytoplasm. Those lipid droplet-
containing cells were positive for Oil-red O staining
in a manner similar to that observed in BM-MSCs
cultured under the same condition (Fig. 3). In addition,
after 10 days of osteogenic induction, several WJ-MSCs
had the appearance of refringent crystals in their
cytoplasm. Similar to BM-MSCs culture under the
same condition, those crystals-containing WJ-MSCs
were positive for alkaline phosphatase staining,
which indicate that they were osteoblasts (Fig. 4).
The untreated control cultures growing in regular
medium without adipogenic and osteogenic
differentiation stimuli did not show the positive
cells for Oil-red O staining (Fig. 3) and alkaline
phosphatase activity, respectively (Fig. 4).

Pluripotent gene expression in BM-MSCs and
WJ-MSCs

The expression of several pluripotent genes
including Oct4, Rexl, Sox2, and Nanog in cultured
BM-MSCs and WJ-MSCs was determined by RT-PCR.
The results showed that the expression of Oct4, Rex1,
Sox2 and Nanog were detected in both BM-MSCs
and WJ-MSCs at passage 2 and 3 (Fig. 5), while
the expression level of Oct4, Rexl and Nanog in
BM-MSCs and WJ-MSCs were similar.

Differentiation of MSCs after neural induction
Both WJ-MSCs and BM-MSCs used for neural
differentiation were phenotypically homogeneous in
terms of their morphology and marker expression
before the time of neuronal induction. After culture in
neural induction medium for 48 to 72 hours, MSCs
from both sources underwent very rapid morphological
changes: most cells retracted their cytoplasm, forming
spherical cell body and exhibited several cellular
protrusions which looked-like neural processes
(Fig. 6). At the end of induction process, some cultured
BM-MSCs and WJ-MSCs appeared as sharp, elongated
bi- or tri-polar cells with primary and secondary
processes (Fig. 6), highly expressed several neural
markers such as MAP-2 (Fig. 7F, H), beta-tubulin IIT
(Fig. 7J, L) and Tau (Fig. 7N, P). In contrast, MSCs from
untreated group did not exhibit any morphologically
reminiscent of neurons (Fig. 7A, C) and did not
express any of the neuronal markers examined
(Fig. 7E, G, I, K, M, O). In agreement with the
immunofluorescent study, the expression level of
MAP-2, beta-tubulin III and GFAP genes in both
WI-MSCs and BM-MSCs were up-regulated after
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Fig.2  Flow cytometric analysis of phenotype of human BM-MSCs (A) and WJ-MSCs (B). Representative histograms
for CD90, CD73, CD105, CD45 and CD34 are presented. The empty profiles in the histogram indicate the
background cell staining by isotypic control. These data shown are representative of those obtained in three
different experiments.

Non-induction Before staining Oil-red-0O staining

WJ-MSCs

BM-MSCs

Fig.3  Adepogenic differentiation of WJ-MSCs and BM-MSCs. Adipocytic vesicles (B and E) are stained with Oil-red
O (C and F). No lipid droplet was observed in the cytoplasm of WJ-MSCs (A) and BM-MSCs (D) cultured in
DMEM supplemented with 10% FBS. This is representative of three independent experiments.

Non-induction Before staining Alkaline phosphatase

3

WJ-MSCs

BM-MSCs

Fig.4  Osteogenic differentiation of WJ-MSCs and BM-MSCs. After induction, both WJ-MSCs and BM-MSCs had the
appearance of refringent crystals (B and E) and the positive for alkaline phosphatase activity (C and F). No alkaline
phosphatase-positive aggregates was found in cytoplasm of WJ-MSCs (A) and BM-MSCs (D) cultured in DMEM
supplemented with 10% FBS. This is representative of three independent experiments.
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cultured in neural induction media for three days. The
expression level of MAP-2, beta-tubulin 111, and GFAP
genes in BM-MSCs cultured in neural induction
medium was 1.22, 1.68, and 3.27 fold higher than those
of BM-MSC:s cultured in control medium, respectively
(Fig. 8). Similar to BM-MSCs, the expression level of
MAP-2, beta-tubulin I11, and GFAP genes in WJ-MSCs
cultured in neural induction medium was 1.93, 2.50,
and 3.74 fold higher than those of WJ-MSCs cultured
in control medium, respectively (Fig. 8).
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Fig.5  Representative panel of reverse transcription PCR

analysis of WJ-MSCs and BM-MSCs at passage 2
(P2) and passage 3 (P3). Cultured WJ-MSCs and
BM-MSCs showed the expression of pluripotent
genes; Oct4, Rexl, Sox2 and Nanog.
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Discussion

Although bone marrow has been the main
source of MSCs, the use of BM-MSCs is limited
because of a high degree of viral exposure, donor
morbidity, and substantial decrease in cell number and
proliferation/differentiation capacity with age. In
addition, an invasive and painful procedure is used to
obtain BM. Thus, investigators have searched for a
good substitute for bone marrow as an MSC source.
Recently, some studies!>!® demonstrated that MSC
from umbilical cord Wharton’s jelly are a good
substitute for bone marrow as an MSC source for
cell-based therapy. As compared with bone marrow,
MSC can be non-invasively obtained from Wharton’s
jelly after delivery.

In the present study, WI-MSCs were
successfully isolated and could be expanded efficiently
for more than 20 passages while maintaining their
undifferentiated state and their marker expression
profiles, being positive for typical MSC markers CD90,
CD73, CD105 and being negative for hematopoietic
markers CD34 and CD45. This result is in agreement
with the characteristics of Wharton’s jelly-derived cells
described previously!”. To further characterize the
isolated WJ-MSCs multi-lineage differentiation
assays toward osteogenic and adipogenic-lineages
were performed. Similar to BM-MSCs, WJ-MSCs were
capable of differentiating toward adipogenic and
osteogenic lineages.

Wharton’s jelly-MSCs

o

Representative photomicrographs of neural differentiation of WJ-MSCs and BM-MSCs after 48 hours and 72 hours

induction into neural differentiation. Spindle-shaped MSC from Wharton’s jelly showed similar morphology to
MSCs derived from bone marrow in basal conditions as non-induction control. Scale bar = 100 um (left-handed

panel) and 50 pm (right-handed panel).
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Representative photomicrographs of neural differentiation of WJ-MSCs and BM-MSCs. Spindle-shaped MSCs
from Wharton’s jelly (C, G, K, O) showed similar morphology to MSCs derived from bone marrow (A, E, I, M)
in basal conditions. Dramatic changes after the exposure to neural differentiation medium in terms of morphology
and phenotype were observed on MSCs from Wharton’s jelly (D, H, L, P) and bone marrow (B, F, J, N).
Immunostaining for MAP-2 (E-H), beta-tubulin III (I-L) and Tau (M-P) on WJ-MSCs and BM-MSCs in neural
differentiation medium showed positive staining whereas in basal medium reveals negative staining. Scale bar =

50 pum.

control

BM-MSCs WJ-MSCs
Relative gene expression value of MAP-2, beta-
tubulin III and GFAP in differentiated and
undifferentiated BM-MSCs and WJ-MSCs at day
3 of induction by quantitative real-time PCR. BM-
MSCs and WJ-MSCs cultured in basal condition
served as a negative control.

Considering the easily obtained WJ-MSCs
as an alternative source of stem cells for clinical
applications, we studied the expression of pluripotent
genes in WJ-MSCs and further investigated whether
WIJ-MSCs have the capacity to differentiate to extra-
mesodermal cells, such as neural-lineages and
compared the results with those of BM-MSCs.
Pluripotent-associated transcription factors, such as
Oct4, Sox2, Rex1, and Nanog have been demonstrated
as critical regulators for establishing and maintaining
pluripotency in embryonic stem cells. Oct4 is known
to bind to a classical octamer sequence, ATGCAAAT,
and in ES cells, it often binds in partnership with Sox2,
which binds to a neighboring sox element'®. Nanog,
a homeodomain-containing protein, was identified as
a factor that can sustain pluripotency of ES cells even

J Med Assoc Thai Vol. 96 No. 9 2013



in the absence of leukemia inhibitory factor®.
Furthermore, overexpression of Nanog is capable of
maintaining the pluripotency and self-renewing
characteristics of ES cells cultured in differentiation-
inducing culture conditions®. During development,
Nanog function is required at a later point than the
initial requirement for Oct4, but both are required for
the maintenance of pluripotency. In addition, Rex/
gene is a developmentally regulated acidic zinc finger
gene (Zfp-42) and a well-recognized marker for the
pluripotent state of both ES cells and embryonic
carcinoma cells""”. Our work demonstrated the
expression of Oct4, Rexl, Sox2 and Nanog in both
BM-MSCs and WJ-MSCs. The expression of these
pluripotent-associated genes, which has rarely been
reported in adult cells®” in BM-MSCs and WJ-MSCs,
might suggest that the differentiation potential of those
cells might be higher than previously described.

However, the present study focused
especially on the ability of BM-MSCs and WJ-MSCs
to differentiate along ectodermal-derived neural
lineages. Evidence of neural differentiation has been
obtained by several groups studying BM-MSCs®@Y.
In addition, the potential to differentiate along
neuronal lineages has also been demonstrated with
MSCs from other sources such as adipose tissue®?,
placenta®, umbilical cord blood®¥, and amnion®. In
this study, we demonstrated that WJ-MSCs could be
differentiated to neural-likes cells as demonstrated by
the morphological characteristics, the up-regulation
of neural-specific genes, and the expression of
neural-specific proteins. Taken together, this study
demonstrated that WJ-MSCs possessed the same
differentiation properties to several mesodermal
lineages as those of BM-MSC:s. In addition, WJ-MSCs
could also trans-differentiate to cells that exhibited
the morphological characteristics and the marker
expression profiles of neuron. The future studies will
explore the differentiation capability of WJ-MSCs into
other extra-mesodermal lineages such as endodermal
derivatives.

Conclusion

In conclusion, the WJ-MSCs isolated in this
study expressed several pluripotent genes and exhibited
the classical stem-cell traits of long-term self-renewal,
multi-lineage differentiation, as well as the trans-
differentiation capacity toward neural-lineages. The
present study suggests that umbilical cord Wharton’s
jelly is an alternative source of MSCs that could be
easily obtained by non-invasive procedure and might

J Med Assoc Thai Vol. 96 No. 9 2013

be used as a substitute for BM-MSCs in several
clinical applications.

Acknowledgements

This research was supported by grants from
the Thailand Research Fund (TRF) and the Commission
on Higher Education (CHE) (grant no. MRG5080144).

Potential conflicts of interest
None.

References

1. Lavon N, Benvenisty N. Differentiation and
genetic manipulation of human embryonic stem
cells and the analysis of the cardiovascular system.
Trends Cardiovasc Med 2003; 13: 47-52.

2. Rosner MH, Vigano MA, Ozato K, Timmons PM,
Poirier F, Rigby PW, et al. A POU-domain
transcription factor in early stem cells and germ
cells of the mammalian embryo. Nature 1990; 345:
686-92.

3. Suzuki N, Rohdewohld H, Neuman T, Gruss P,
Scholer HR. Oct-6: a POU transcription factor
expressed in embryonal stem cells and in the
developing brain. EMBO J 1990; 9: 3723-32.

4. Avilion AA, Nicolis SK, Pevny LH, Perez L,
Vivian N, Lovell-Badge R. Multipotent cell
lineages in early mouse development depend on
SOX2 function. Genes Dev 2003; 17: 126-40.

5. Chambers I, Colby D, Robertson M, Nichols J,
Lee S, Tweedie S, et al. Functional expression
cloning of Nanog, a pluripotency sustaining factor
in embryonic stem cells. Cell 2003; 113: 643-55.

6. Zhangy,LiCD, Jiang XX, Li HL, Tang PH, Mao
N. Comparison of mesenchymal stem cells from
human placenta and bone marrow. Chin Med J
(Engl) 2004; 117: 882-7.

7. Deans RJ, Moseley AB. Mesenchymal stem cells:
biology and potential clinical uses. Exp Hematol
2000; 28: 875-84.

8. Pittenger MF, Mackay AM, Beck SC, Jaiswal RK,
Douglas R, Mosca JD, et al. Multilineage potential
of adult human mesenchymal stem cells. Science
1999; 284: 143-7.

9. Zuk PA, Zhu M, Ashjian P, De Ugarte DA, Huang
JI, Mizuno H, et al. Human adipose tissue is a
source of multipotent stem cells. Mol Biol Cell
2002; 13: 4279-95.

10. D’Ippolito G, Schiller PC, Ricordi C, Roos BA,
Howard GA. Age-related osteogenic potential of
mesenchymal stromal stem cells from human

1215



11.

12.

13.

14.

15.

16.

17.

18.

19.

1216

vertebral bone marrow. J Bone Miner Res 1999;
14: 1115-22.

Wang HS, Hung SC, Peng ST, Huang CC, Wei
HM, Guo Y], et al. Mesenchymal stem cells in
the Wharton’s jelly of the human umbilical cord.
Stem Cells 2004; 22: 1330-7.

Mitchell KE, Weiss ML, Mitchell BM, Martin P,
Davis D, Morales L, et al. Matrix cells from
Wharton’s jelly form neurons and glia. Stem Cells
2003; 21: 50-60.

Romanov YA, Svintsitskaya VA, Smirnov VN.
Searching for alternative sources of postnatal
human mesenchymal stem cells: candidate MSC-
like cells from umbilical cord. Stem Cells 2003;
21: 105-10.

Manochantr S, Tantrawatpan C, Kheolamai P,
pratya Y, Supokawej A, Issaragrisil S. Isolation,
characterization and neural differentiation
potential of amnion derived mesenchymal stem
cells. J Med Assoc Thai 2010; 93 (Suppl 7):
S183-91.

Hou T, Xu J, Wu X, Xie Z, Luo F, Zhang Z, et al.
Umbilical cord Wharton’s Jelly: a new potential
cell source of mesenchymal stromal cells for
bone tissue engineering. Tissue Eng Part A 2009;
15:2325-34.

Yoo KH, Jang IK, Lee MW, Kim HE, Yang MS,
EomY, et al. Comparison of immunomodulatory
properties of mesenchymal stem cells derived
from adult human tissues. Cell Immunol 2009;
259: 150-6.

Liang J, Wu S, Zhao H, Li SL, Liu ZX, Wu J,
et al. Human umbilical cord mesenchymal stem
cells derived from Wharton’s jelly differentiate
into cholinergic-like neurons in vitro. Neurosci
Lett 2013; 532: 59-63.

Pesce M, Scholer HR. Oct-4: gatekeeper in the
beginnings of mammalian development. Stem
Cells 2001; 19: 271-8.

Rogers MB, Hosler BA, Gudas LJ. Specific

20.

21.

22.

23.

24.

25.

expression of a retinoic acid-regulated, zinc-finger
gene, Rex-1, in preimplantation embryos,
trophoblast and spermatocytes. Development
1991; 113: 815-24.

Moriscot C, de Fraipont F, Richard MJ, Marchand
M, Savatier P, Bosco D, et al. Human bone marrow
mesenchymal stem cells can express insulin and
key transcription factors of the endocrine pancreas
developmental pathway upon genetic and/or
microenvironmental manipulation in vitro. Stem
Cells 2005; 23: 594-603.

Wislet-Gendebien S, Hans G, Leprince P, Rigo
IJM, Moonen G, Rogister B. Plasticity of cultured
mesenchymal stem cells: switch from nestin-
positive to excitable neuron-like phenotype.
Stem Cells 2005; 23: 392-402.

De Ugarte DA, Alfonso Z, Zuk PA, Elbarbary A,
Zhu M, Ashjian P, et al. Differential expression of
stem cell mobilization-associated molecules on
multi-lineage cells from adipose tissue and bone
marrow. Immunol Lett 2003; 89: 267-70.

Park S, Kim E, Koh SE, Maeng S, Lee WD, Lim
J, et al. Dopaminergic differentiation of neural
progenitors derived from placental mesenchymal
stem cells in the brains of Parkinson’s disease
model rats and alleviation of asymmetric rotational
behavior. Brain Res 2012; 1466: 158-66.

Park SI, Lim JY, Jeong CH, Kim SM, Jun JA, Jeun
SS, et al. Human umbilical cord blood-derived
mesenchymal stem cell therapy promotes
functional recovery of contused rat spinal cord
through enhancement of endogenous cell
proliferation and oligogenesis. J Biomed
Biotechnol 2012; 2012: 362473.

Manochantr S, pratya Y, Kheolamai P, Rojphisan
S, Chayosumrit M, Tantrawatpan C, et al.
Immunosuppressive properties of mesenchymal
stromal cells derived from amnion, placenta,
Wharton’s jelly and umbilical cord. Intern Med J
2013; 43: 430-9.

J Med Assoc Thai Vol. 96 No. 9 2013



S d’d’ 4 [ a % [ '8 a g Y o A a
msuandaanvedduitngrvesnvanuannsalumswiaiannldhuvadnarevialuvadaunninyin
dtvulasin laoin Wharton's jelly lumeazie uasdnemmlumswiyanniluvad/szam

v v v s I aa [ 7 SIS/ 4 (Y4 g I o [ a =)
VoIU AUNTIINUNYD, FINA m[mum‘, MANN LVgIazing, tenanya gz/smyL avnal q[nmn, aina aaslnsfa

[

s Py A4 A A o o A o = s A
Jngiszaqd: (leasrvdevamisuanseanveddIuilingIvedvauansalumsesgvin lifuivadnareria
(pluripotent gene) luwadaurniayiadivulaiildein Wharton’s jelly melumeazias (WJ-MSCs) uazdnenw
lumssaimniusadyszam
o ag o L A4 A dao & & o v ¢ a (A &
Jaquaz3sms: wenadaenieweneiviuanyuzthusamelumeazaes ldesdreoulyiniUsy uaziaesly
4 ¥
a1Mmsiagayasayia Dulbecco’s Modified Eagle’s Medium (DMEM) ﬂmﬁummﬂaug}mmﬂmaamf@a MSC
Y ad . ad . . =
markers 91975 flow cytometry uazmsuandoanyed pluripotent genes 135 reverse-transcription PCR 59484
anuannsalumssevianniihuyad lviy wadnszgn uazivadiszamveasad MSCs 7 laa1n Wharton’s jelly
uazlunszgn BM-MSCs) 1u passage 3-5 agaluonnsagusadyiniivnums
Hamsany1: 1wad WJ-MSCs annsaumziagaiudiauladeuazinnas 20 passages $agansammaiuiuvad
aunnialiaguuias Tnedimsuandaanyed MSC markers (CD90, CD73 waz CD105) uaslinumsuaniaanved
U I 1Y
hematopoietic markers (CD34 uaz CD45) dihaulane WI-MSCs uaz BM-MSCs agdlu passage usnq i
msuanseanved pluripotent genes laun Oct4, Rex 1, Sox2 uas Nanog 1vad WJ-MSCs UBNDINANNTALDTY WU
lhilhwadmimunnandedesunanldun (vadnszgnuazivad lvaiuldisudedy BM-MSCs udadaauisa
N Iy s o 1 s 4 1 '
grumiennlmesgviannliihiyadnidnyacadigsadyszamiameanuglsuazmsuanseenved neural markers
Ao MAP-2, GFAP, beta-tubulin III uaz Tau 9n#2g
Y ¥ 4 U 124
agy: yinmafnasaiuandlyiiudl WI-MSCs annsauivuazonzdeunnaouldheuasuiunnaa Tnedang
14
dnaauannudlu MSCs wen91nid BM-MSCs uaz WJ-MSCs dmsuandoonyed pluripotent genes naeyia uas
] r 4
uaasliiudennuannsangnmieniliesganfusadtszamld dniu Wi-MSC fsoraiuundsveqvad

4 day . oo oda e o
mataenninuangmwlslumssaelsaai 9 naanuAadsndluszyyilseamluouinn

J Med Assoc Thai Vol. 96 No. 9 2013 1217



